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METHOD AND DEVICE FOR DETECTING A PHASE OF- A 
FOUR- STROKE GASOLINE ENGINE 



The present invention relates to a method and a device for 
detecting a phase of a four-stroke gasoline engine. 

In engines whose fuel injectors are electronically 
controlled via an ECU (electronic control unit) it is 
necessary to determine the phase position at the start of 
the internal combustion engine. Since a combustion cycle 
extends over two 360° revolutions of the crankshaft, it is 
only determined via the phase position whether the piston is 
in the compression stroke or in the exhaust stroke during 
the upward motion. 

Different systems are known in this connection. An 
additional transducer wheel may be provided on the camshaft 
or coasting detection may be performed. Such systems require 
additional expensive means. 

Furthermore, in multipoint injection engines, the phase may 
be determined in what is known as a twin ignition system via 
fuel injection and ignition at the successive top dead 
centers . 

Each second ignition finds an ignitable fuel mixture. 
Depending on the phase position, the injection takes place 
in the form of storage upstream from the closed intake valve 
or during the intake stroke with the intake valve open. 
However, unburnt air/fuel mixture is never pushed into the 
catalytic converter in engines having multipoint injection. 
After the engine is started, one may subsequently switch to 
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single ignition in the I-TDC (ignition top dead center) 
using other TDC detection methods. 

However, such a twin ignition system including ignition and 
5 injection in each crankshaft revolution may not be used in a 
gasoline direct injection (GDI) engine since, in these 
engines, injection must take place precisely during the 
intake stroke or at the beginning of the compression stroke, 
and injection during the exhaust stroke is not permitted, 
10 since otherwise unburnt fuel may be pushed out into the 
catalytic converter. 

DE 198 17 447 describes a method and a device in which, 
during a starting phase, the crankshaft is turned by a 

15 starter and, for each crankshaft revolution, a voltage is 
applied to the spark plug at the approximate time of the 
appropriate top dead center without injection. Paschen's 
law, according to which the greater the pressure between the 
electrodes, the higher the ignition voltage, is used for 

20 detecting the phase. If the engine is turned by the starter, 
compression of the gas in the combustion chamber takes place 
only during the compression strokes, the highest pressure 
being reached at the ignition top dead centers (I-TDC) which 
are offset by a 72 0° crankshaft angle. A noticeably lower 

25 gas pressure is present in the charge cycle top dead centers 
(CC-TDC) between the exhaust stroke and the intake stroke, 
offset with respect to the I-TDCs by 360°. To differentiate 
the I-TDC from the CC-TDC, an ignition voltage is set which 
is only sufficient for ignition at the low pressure of the 

3 0 CC-TDC, but not at the high pressure of the I-TDC. For 
setting the ignition voltage, only an adequate ignition 
power is supplied to the ignition coil. An ion current 
analysis is performed to differentiate whether or not an 
ignition took place in the particular top dead center. If no 

35 ignition occurred, only a short half -wave, interrupted by 
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the freewheeling diode, is measured in the primary circuit 
and the secondary circuit due to the component capacitances 
and the inductance of the particular ignition coil winding. 
However, an essentially triangular secondary current is 
5 measured as spark current in the event of an ignition. 

The method and the device described in DE 198 17 44 7 Al may 
also be used in a GDI engine since ignition at the CC-TDC 
takes place without injection. A precise triggering of the 

10 ignition coil must initially take place in order to make the 
desired ignition power available. The required threshold 
value of the ignition power for differentiating the top dead 
centers may turn out to be different, in particular in 
different engines, so that a precise adjustment is 

15 difficult. Furthermore, analysis of the ion current measured 
for a precise differentiation between I-TDC and CC-TDC is 
relatively complex. 

The method according to the present invention having the 

2 0 features of Claim 1 and the device according to the present 

invention having the features of Claim 12 have the advantage 
over the related art due to the facts that they may be 
achieved relatively inexpensively, they make precise 
detection of the phase possible, and, in particular, they 
25 may also be used in a gasoline direct injection engine. 

Following phase detection, the engine may advantageously be 
started via correct injection and ignition according to the 
phase with the crankshaft already rotating. 

3 0 Thus, according to the present invention and in contrast to 

the above-mentioned twin ignition systems, the engine is 
turned using ignition and without using injection. In 
contrast to DE 198 17 447 Al , adequately high ignition power 
is supplied, resulting in an ignition at each crankshaft 
35 rotation without having to set a precise threshold value. 
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The present invention is based upon the recognition that 
differentiation of the I-TDC from the CC-TDC is also 
possible when an ignition is executed in both top dead 
centers, since the ignition behavior is different in both 
5 positions. Due to the high pressure, the ignition voltage is 
high and the spark duration is short at I-TDC; whereas at 
CC-TDC the ignition voltage is low and the spark duration is 
long. The two positions may thus be differentiated after the 
occurrence of the ignitions by comparing the spark 
10 durations, the ignition current, or the ignition voltage 
applied to the spark plug. 

According to one embodiment, the secondary current may be 
measured vis-a-vis ground, as a voltage drop for example, 

15 across a shunt resistor which is connected in series to the 
secondary winding of the ignition coil and the spark plug. 
In this case, the measuring device is formed in a simple 
manner by the shunt resistor in the secondary circuit . The 
voltage drop across the shunt resistor is picked up by an 

20 analyzing device in the form of a measuring signal. 

A measurement in the primary circuit may be carried out in 
particular via the primary voltage which is tapped at the 
primary winding terminals of the ignition coil. In this 

25 case, a suitable measuring circuit having an operational 

amplifier or comparator may be used as a measuring device, 
and the primary voltage may be supplied, via a voltage 
divider circuit for example, to an input of the operational 
amplifier for comparison with a reference voltage at the 

3 0 other input of the operational amplifier. The operational 
amplifier in turn supplies a measuring signal to an 
analyzing device . 

In both embodiments, the analyzing device may advantageously 
35 pick up the control signal of the ignition transistor in 
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addition to the respective measuring signal in order to be 
able to determine the moment of ignition for the analysis of 
the measuring signal. 

5 The analyzing device outputs a spark duration signal to a 
comparator which compares the spark duration signals with 
each other or with pre-stored values, thereby assigning a 
shorter spark duration to the ignition at I-TDC. 

10 The phase detection method according to the present 

invention may be carried out on one piston or simultaneously 
on multiple pistons. After the phase detection is executed, 
the crankshaft rotation may be used for the starting 
operation by using correct injection and ignition according 

15 to the phase in the next I-TDC. 

In contrast to phase detections via discharge detection or 
an additional transducer wheel on the camshaft, for example, 
no additional sensors, but rather only a simple circuitry, 

20 are thus required according to the present invention. This 
makes an engine start possible, even when the phase sensor 
is defective. The present invention may be used 
advantageously in gasoline direct injection engines in 
particular, since injection is completely avoided during 

25 phase detection and thus no fuel may reach the catalytic 

converter. Moreover, the present invention may also be used 
in multipoint injection engines; such a use is particularly 
advantageous in multipoint injection engines in which the 
conventionally used twin ignition system, i.e., ignition and 

3 0 injection at each top dead center, is problematic. 

The measuring device and the analyzing device used according 
to the present invention may be integrated. In particular, 
no additional interference occurs in the primary and 
35 secondary circuits during a measurement of the primary 
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voltage induced at the primary winding, so that reliable 
cost-effective phase detection is possible without further 
interference in the ignition operation. 

The present invention is explained in greater detail in the 
following based upon the enclosed drawing and several 
embodiments . 

Figure 1 shows a diagram of an ignition system including 
two alternatively usable devices for phase 
detection according to the present invention; 

Figures 2a, b show diagrams of the variation over time of 
the voltages U R1 , U2 of Figure 1 at the top dead 

centers . 

A primary winding of an ignition coil 2 and an ignition 
transistor 3 are situated in a primary circuit 4 between a 
battery connection of vehicle voltage UB and ground 
according to Figure 1. Ignition transistor 3 is triggered by 
a control signal a and, in its low-resistance state, i.e., 
at high voltage level of control signal a, enables a primary 
current in primary circuit 4 via which a magnetic field is 
created in ignition coil 2 . During subsequent blocking of 
ignition transistor 3 in its high-resistance state, i.e., at 
low voltage level of control signal a, the collapsing 
magnetic field of ignition coil 2 induces a voltage surge in 
its secondary winding, resulting in a spark discharge at a 
spark plug 8. At this juncture, according to the particular 
secondary current, a voltage U2 drops across shunt resistor 
RM, connected in series, vis-a-vis the grounded terminal of 
ignition coil 8. 

According to the present invention, the ignition system 
shown, including ignition coil 2, vehicle voltage UB, and 



NY01 703967 v 1 



6 



control signal a, is selected in such a way that, prior to 
switching off the primary current, the ignition power stored 
in ignition coil 2 is sufficient for building up an 
adequately high ignition voltage at spark plug 8 for 
5 igniting a gas in the charge cycle top dead center (CC-TDC) , 
as well as in the ignition top dead center (I-TDC) . 

Voltage Ul , applied to the collector of ignition transistor 
3 or to the corresponding terminal of the primary winding of 

10 ignition coil 2, is tapped by a voltage divider circuit 

having resistors Rl , R2 . One input of an operational 
amplifier 12 or comparator is connected to the voltage 
divider circuit between resistors Rl and R2 , thus picking up 
a primary reference voltage U R1 = Rl/ (Rl + R2)U1. Zener diode 

15 ZD which is shown may be connected parallel to Rl for 

voltage limitation. Resistors Rl , R2 are selected in such a 
way that they do not greatly influence the primary current 
and that, in particular in the high-resistance state of 
ignition transistor 3, no noteworthy primary current, 

20 relevant for the magnetic field of ignition coil 2, flows 
through them. Due to the fact that, instead of Ul, the 
primary reference voltage U R1 is supplied to operational 
amplifier 12, a limited voltage value is applied at the 
moment of ignition, instead of the high voltage value of Ul . 

2 5 R2 = 100 kOhm and Rl = 11 kOhm may be selected here, so that 

a current of approximately 2 mA flows through R2 , and the 
operating voltage of Ul ranges between 20 V and 40 V and the 
operating voltage of U R1 ranges between 2 V and 4 V. 

3 0 The other input of operational amplifier 12 is connected to 

vehicle voltage U B via a second voltage divider circuit 13 
or via another suitable device for setting a reference 
voltage URef . A reference voltage URef, dependent on vehicle 
voltage U B , is generated by using voltage divider circuit 
35 13, so that an advantageous automatic adaptation to changes 
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in U B takes place (e.g., when the starter is operated). As a 
function of Ul, operational amplifier 12 delivers a high or 
a low output signal. URef and Rl # R2 are selected here in 
such a way that a primary voltage, induced by the secondary 
5 current during an ignition, may be detected and 

differentiated from an ignition current-free state. The 
output signal of operational amplifier 12 is supplied to a 
first analyzing device 16 which also picks up control signal 
a and outputs a spark duration signal t-BRl. 

10 

The spark duration signals output by first analyzing device 
16 and second analyzing device 18 may subsequently be 
compared in a comparator (not shown) with signals of the 
measurement performed at the subsequent top dead center. 

15 

According to the present invention, the first measuring 
device in the primary circuit or the second measuring device 
in the secondary circuit may be used alternatively; however, 
the use of both measuring devices and analyzing devices is 
20 basically also possible. 

The same control signal a is output during ignition at the 
top dead centers offset by 360°, so that the same ignition 
power is supplied to the magnetic field of ignition coil 2. 

25 According to Paschen's law, however, a different ignition 
behavior occurs after ignition at I-TDC which has high- 
pressure compressed gas between the electrodes of spark plug 
8 and the CC-TDC which has low-pressure gas between the 
electrodes of spark plug 8, resulting in varying voltage 

3 0 curves U R1 and U2 , as can be seen in Figures 2a, b. 

During measuring and analyzing at primary circuit 4 of 
ignition coil 2, a low voltage value Ul and thus also U R1 is 
initially present in both positions of the crankshaft prior 
35 to ignition, i.e., in the low-resistance state of ignition 
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transistor 3. The subsequent ignition with an ignition 
voltage surge SP takes place at the charge cycle TDC at a 
lower ignition voltage, whereby voltage Ul in the primary 
circuit takes on a lower value and, according to the LW 
5 curve, U R1 also takes on a lower value than at ignition TDC 
according to curve Z. The particular spark operation takes 
place with different spark durations t-BR-I-TDC and t-BR-CC- 
TDC. The particular measured voltage U R1 is proportional to 
voltage Ul which is induced from the collapsing magnetic 

10 field of ignition coil 2. The magnetic field of ignition 
coil 2 having a larger secondary current in secondary 
circuit 6 collapses faster at ignition TDC, so that a larger 
voltage Ul having a shorter duration is induced in the 
primary circuit. The magnetic field of ignition coil 2 

15 collapses more slowly with the formation of a smaller 

secondary current in the charge cycle TDC of the LW curve, 
so that voltage Ul induced in the primary circuit, and thus 
also U R1 , is smaller and has a longer spark duration t-BR- 
CC-TDC. A reference voltage URefl is between the value of 

20 U R1 during longer spark duration t-BR-CC-TDC and a static 
value U N after spark durations t-BR-I-TDC and t-BR-CC-TDC. 
The spark duration may thus be determined by comparing U R1 
with reference voltage URefl in operational amplifier 12, 
the value of the output signal of operational amplifier 12 

25 or comparator changing after the particular spark duration. 

This output signal of operational amplifier 12 is output to 
analyzing device 16 which picks up control signal a for 
determining the moment of ignition and outputs a spark 
duration signal t-BRl. 

30 

If the second measuring device and second analyzing device 
are used alternatively, then according to the curve in 
Figure 2b, a voltage U2 , proportional to the induced 
secondary current, is picked up directly from second 
35 analyzing device 18. Measured curves Z of the ignition TDC 
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and the charge cycle TDC shown in Figure 2b are not 
necessarily strictly linear. The secondary current induced 
in the secondary winding of ignition coil 2 drops relatively 
quickly from a high initial value to zero within the spark 
duration t- BR- I -TDC. The secondary current induced during 
the charge cycle TDC drops from a smaller value to zero over 
the longer spark duration t-BR-CC-TDC. These measured curves 
may be differentiated, for example, by comparing voltages U2 
shown with reference voltage URef2 / depicted using a dashed 
line, in an operational amplifier or comparator of analyzing 
device 18, for example. URef2 is to be set adequately low in 
order to obtain a clear difference in the measured curves. 
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